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TO PARTICIPANTS OF THE NASA CONFERENCE ON MATERIALS FOR IMPROVED 
FIRE SAFETY 
It i s  wel l  known t h a t  f o r  more than a decade NASA has been discovering 
new th ings  about the Ear th ,  the  Moon, t he  Sun, the nearby p l ane t s ,  
and the  universe  i t s e l f .  Not nea r ly  so  we l l  known, however, i s  the  
important f a c t  t h a t  NASA has a l s o  been d iscover ing  new th ings  about 
human beings,  materials and equipment. Some of the  agency's most 
s i g n i f i c a n t  and s a t i s f y i n g  work i n  recent  years  has  been d i r e c t l y  
concerned wi th  the  con t ro l  or  e l imina t ion  of f i r e  hazards ,  
Recognizing t h a t  maximum b e n e f i t  can be obtained from space research  
only when our d i scove r i e s  a r e  widely shared,  we welcome the  opportuni ty  
of  p a r t i c i p a t i n g  i n  conferences such a s  t h i s  one. We s ince re ly  hope 
t h a t  you w i l l  f i nd  ways of adapt ing some of t he  many and var ied 
f ind ings  presented here  t o  r e l i e v e  and reduce the hazards of f i r e  
i n  everyday working and l i v ing :  i n  housing, h o s p i t a l s ,  nursing homes, 
ships,  passenger cars ,  a i r c r a f t ,  t h e a t e r s ,  auditoriums, f a c t o r i e s ,  
o r  wherever people and t h e i r  valued possessions may be.  
T. 0. Paine 
Administrator 
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DEFINITIONS 
The following i s  a brief l i s t i n g  of some of  t h e  symbols, abbrevia- 
t i o n s  acronyms,  and t echn ica l  terms from t h e  various papers presented 
at t h i s  conference. 
ABS 
AOT 
ASTM 
CM 
CNR 
CWG 
DTA 
O F  
i n .  
IVCL 
LCG 
LEVA 
LITMG 
LM 
MEK 
MTBK 
mR 
MQF 
MSC 
Acronyms 
see  Chemical Terms 
alinement o p t i c a l  te lescope used i n  t h e  Apollo command module 
f o r  navigation 
American Society f o r  Test ing Mater ia ls  
Apollo spacecraf t  command module and r een t ry  vehic le  
carboxy n i t r o s o  rubber ( see  Chemical Terms) 
constant-wear garment 
d i f f e r e n t i a l  thermal ana lys i s  (see Chemical Terms) 
degrees Fahrenheit  
inch 
in t r aveh icu la r  cover layer 
liquid cooled garment 
lunar e x t r a v e h i c u l m  v i s o r  assembly 
l u n a  i n t e g r a t e d  thermal micrometeoroid garment 
Apollo spacecraf% luna r  module, t h e  luna r  landing spacecraf t  
methylethylketone ( see  Chemical Terms) 
methylisobutylketone ( see  Chemical Terms) 
manuf a c t u r e r  
Mobile Quarantine F a c i l i t y  
Manned Spacecraf t  Center 
ix 
MSF’C 
NF 
NFM 
NMM 
PGA 
p s i a  
PVA 
PVC 
RTV 
SE 
SM 
TLSA 
Marshall  Space F l i g h t  Center 
nonf lamnab l e  
nonflammable ma te r i a l  
nonme t alli c m a t  e r i  a1 
pressure  gamnent assembly 
pounds pe r  square inch absolu te  (p re s su re )  
s ee  Chemical Terms 
see  Chemical Terms 
see  Chemical Terms 
s e l f  -ext ingui  shing 
Apollo space c r a f t  s e rv i ce  module 
t o r s  0- limb suit  as semb ly 
Spec ia l  Terms 
confoxmal coa t ing  - A material uniformly appl ied  over another  material 
f o r  p ro tec t ion .  
cuff cards - Cards f i x e d  t o  the  arms of the  space s u i t s  used on t h e  
lunarr sur face  t o  remind the  as t ronauts  of t a s k  sequence. 
denier  - The weight i n  grams of 9000 meters of yarn or f i b e r ;  a measure 
of f i b e r  or yarn  f ineness ,  The word w a s  der ived from a French coin,  
weighing approximately 0.5 gram, t h a t  was  used as an a c t u a l  weight f o r  
t he  purchase and s a l e  of s i l k .  
d i e l e c t r i c  - E l e c t r i c a l &  nonconducting. 
durometer - A  measure of t he  hardness of a material. 
edgelock - Treatment of t he  edge of a f a b r i c  t o  prevent f r ay ing .  
f lammabili ty - The propensi ty  of a ma te r i a l  t o  burn.  
hyperbaric  - Pressures  g r e a t e r  than s e a  l e v e l  p re s su re .  
X 
hypobaric - Pressures  less than  sea level p re s su re .  
intumescence - The property of c e r t a i n  s p e c i a l  p l a s t i c s  t o  s w e l l  upon 
app l i ca t ion  of h e a t .  
l o c k s t i t c h  - Prevention of f r ay ing  of t h e  edge of f a b r i c  by sewing along 
t h e  edge. 
Marquisette - A t h i n ,  l igh tweight  f a b r i c  of co t ton ,  s i lk ,  rayon, nylon, 
or g l a s s  wi th  square ,  open meshes, 
t r i c o t  - A type  of k n i t t i n g  charac te r ized  by a runproof s t i t c h .  
wax pick  - A measure of t h e  r e s i s t a n c e  of t h e  su r face  of a material t o  
s t a i n .  
Chemical Terms 
ABS - a c r y l o n i t r i l e  butadiene s ty rene .  
a c r y l i c  - A gene r i c  n m e  for a manufactured f i b e r  i n  which t h e  f i b e r -  
forming substance i s  any long-chain s y n t h e t i c  polymer composed of at 
leas t  85 percent  by weight of a c r y l o n i t r i l e  units.  
brominated po lyes t e r  - A po lyes t e r  wi th  bromine added. (See po lyes t e r .  ) 
carboxy n i t r o s o  rubber  ( C N R )  - A flame-resistant terpolymer of t r i f l u o r -  
onitrosomethane , t e t r a f luo roe thy lene ,  and n i t rope r f luo robu ty r i c  ac id  
wi th  rubber l ike  p r o p e r t i e s .  
chloroprene - A co lo r l e s s  l i q u i d ,  C H C1, made from ace ty lene .  It can 4 5  
be polymerized t o  form a s y n t h e t i c  rubber .  
CO - carbon monoxide. 
copolymer - A s y n t h e t i c  substance formed by t h e  add i t ion  or condensation 
polymerizat ion of two or more monomers. 
diIrethyl /s i loxene - A type of s i l i c o n e  r e s i n .  
DTA - D i f f e r e n t i a l  thermal ana lys i s  which measures phase changes 
(endothermic and exothermic) wit!]  i nc reas ing  temperatures .  
e thylene - A c o l o r l e s s ,  inflammable, gaseous hydrocarbon .of t h e  o l e f i n  
s e r i e s .  
X i  
fluoropolymer - A polymer containing f l u o r i n e .  
f l uo ros i l i cone  - A s i l i c o n e  r e s i n  i n  which hydrogen atoms have been 
replaced by f l u o r i n e .  
hexafluoropropene - a fluorocarbon monomer. 
melamine formaldehyde - A thermoset t ing r e s i n  made from melamine and 
formaldehyde , used ch ie f ly  i n  molded products , coat ings,  adhesives,  
and t e x t i l e  f i n i s h e s .  
methylethyl ketone (MEK) - An organic so lvent .  
methylisobutyl ketone (MIBK) - An organic so lvent .  
modacrylic - A  generic  name fo r  a synthe t ic  f i b e r  i n  which t h e  
fiber-forming substance i s  any long-chain syn the t i c  polymer composed 
of l e s s  than 85 percent bu t  a t  least 35 percent  by weight of acrylo- 
n i t r i l e  units. 
phenol formaldehyde - A thermoset t ing r e s i n  made from phenol and formal- 
dehyde. 
phenolic - O f ,  der ived from, o r  containing phenol. 
polyamide - A  polymer i n  which t h e  s t r u c t u r a l  u n i t s  a r e  l i nked  by 
amide or thiomide groupings. 
polybenzimidazole (PBI) - A high-temperature-resistant polymeric f i b e r  
containing c h a r a c t e r i s t i c  imide groups. 
polycarbonate - A t ransparent  p l a s t i c  used f o r  helmet v i s o r s .  It i s  
charac te r ized  by except iona l ly  high impact s t r eng th .  
po lyes te r  - A  generic  name f o r  a manufactured f i b e r  i n  which t h e  
fiber-forming substance i s  any long-chain syn the t i c  polymer composed 
of at l e a s t  85 percent by weight of an e s t e r  of a dihydric  a lcohol  
and t e r e p h t h a l i c  ac id .  
polyimide - A polymer containing c h a r a c t e r i s t i c  imide groups. 
polymer - A high-molecular-weight organic compound, n a t u r a l  or 
syn the t i c ,  whose s t r u c t u r e  can be  represented by a repeated s m a l l  u n i t .  
polyquinoxaline - A  high-temperature thermoset t ing r e s i n  der ived from 
quinol ine by s u b s t i t u t i o n  of a ni t rogen atom f o r  a methylidine group. 
x i i  
polysulfone - A high-temperature t ransparent  polymer charac te r ized  by 
t h e  su l fonyl  group doubly un i t ed  by means of i t s  s u l f u r ,  usua l ly  with 
carbon. 
polyurethane - Any of var ious syn the t i c  rubber polymers produced by t h e  
polymerization of a hydroxyl (OH)  r a d i c a l  and an NCO group from two 
d i f f e r e n t  compounds . 
PVA - polyvinyl a c e t a t  e .  
PVC - polyvinyl  ch lor ide .  
RTV -A commercial po t t i ng  compound. 
s i l i c o n e  - Any of  a group of syn the t i c  r e s i n s ,  o i l s ,  g reases ,  p l a s t i c s ,  
i n  which the  carbon has been replaced by s i l i c o n .  
terpolymer - A product of t h r e e  d i f f e r e n t  polymkrizing substances.  
tetrabromopthalicanhydride - A h ighly  brominated hydrocarbon commonly 
used as a f i r e  r e t a rdan t .  
t e t ra f luoroe thylene  - A fluoropolymer . 
thermoplast ic  - A  polymer t h a t  becomes or remains s o f t  and moldable when 
subjec ted  t o  hea t .  
thermoset t ing -Becoming permanently hard  and unmoldable when once sub- 
j e c t e d  t o  hea t .  
toluene - A co lo r l e s s  l i q u i d  hydrocarbon. 
urea formaldehyde - A  thermoset t ing r e s i n  made from urea and formaldehyde. 
x i i i  
SESSION I 
FLAMMABILITY REQUIREMENTS AND TEST TECHNIQUES 
Session Chairman: Aleck C. Bond 
THE COMEUSTION PROCESS 
By W. R.  Downs 
NASA Manned Spacecraft Center 
ABSTRACT 
Combustion i s  defined a s  any r e l a t i v e l y  f a s t  reac t ion  between gases 
t h a t  produces heat.  The chemical and physical mechanisms t h a t  cons t i t u t e  
t h e  combustion process a r e  defined and described i n  d e t a i l ,  using t h e  
candle flame as a model. 
a c t i v e  f u e l  fragments) and t h e  in t e rac t ions  between f r e e  r ad ica l s  , coupled 
w i t h  energy and mater ia l  t ranspor t  f a c t o r s ,  a r e  i l l u s t r a t e d .  Continuous 
or sustained combustion i s  shown t o  involve a feedback mechanism i n  which 
par t  of  t h e  energy derived from t h e  process goes i n t o  t he  dr iving of t h e  
mechanism and i s  l imi ted  only by the  a b i l i t y  t o  br ing together  t h e  react-  
an ts .  On t h e  basis of chemical and thermodynamic considerat ions,  com- 
bust ion f a c t o r s  such as f u e l  composition e f f e c t s ,  exposed surface a reas ,  
f u e l  dens i ty  , f u e l  geometry , convective environment e f f e c t s  , and d i f  fu- 
s ion  e f f e c t s  a r e  discussed. It i s  observed t h a t  convection and d i f fus ion  
forces  promote combustion ra te ,  whereas thermal conduction and reac tan t  
s t a rva t ion  diminish combustion r a t e .  
The production of chemical f r e e  r ad ica l s  ( re -  
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MANNED SPACECWT NONMETALLIC MATERIALS FLAMMABILITY 
SELECTION CRITERIA AND REQUIREMENTS 
By C .  J .  Kats ikas  and J. H .  Levine 
NASA Manned Spacecraf t  Center 
ABSTRACT 
This paper reviews t h e  c r i t e r i a  and requirements governing t h e  
s e l e c t i o n  of nonmetall ic materials f o r  use i n  manned spacec ra f t  t o  con- 
t r o l  p o t e n t i a l  f i r e  hazards.  
t he  development of t h e  NASA Manned Spacecraf t  Center (MSC) flammabili ty 
requirements a r e  discussed and t r a c e d  through t h e i r  h i s t o r i c a l  evolu- 
t i o n .  The events t h a t  d i c t a t e d  the changes t h a t  have taken p l ace  a r e  
a l s o  covered. 
To i l l u s t r a t e  how these  c r i t e r i a  were met ¶ 
The cur ren t  nonmetal l ic  ma te r i a l  requirements are presented  and 
include t h e  following areas :  
1. A new approach , nonmetal l ic  mater ia l s  usage c a t e g o r i e s ,  empha- 
s i z e s  acceptance based on the loca t ion  and t h e  amount of t h e  nonmetal l ic  
ma te r i a l s  used i n  t h e  s p a c e c r a f t ,  as we l l  as t h e  f i r e - r e s i s t a n t  perform- 
ance c h a r a c t e r i s t i c s  of t h e  ma te r i a l s .  
2. The importance of t h e  t e s t  i g n i t o r  i s  presented ,  and t h e  cur ren t  
s tandard  i g n i t o r  and s e v e r a l  special-usage i g n i t o r s  are descr ibed.  
3. The flammabili ty screening and a p p l i c a t i o n  tests are presented ,  
and t h e i r  importance i n  t h e  f i n a l  v e r i f i c a t i o n  and acceptance of non- 
m e t a l l i c  ma te r i a l s  i s  emphasized. 
S i g n i f i c a n t  f ea tu re s  of t h e  Nonmetallic Materials Design Guidelines 
and T e s t  Data Handbook are discussed.  This handbook inc ludes  materials 
s e l e c t i o n  gu ide l ines ,  t e s t  requirements ,  and ma te r i a l s  con t ro l  programs. 
The handbook a l s o  includes an extensive compilation of ma te r i a l s  t e s t  
r e s u l t s  and performance c h a r a c t e r i s t i c s  obtained from t e s t s  conducted 
over t h e  p a s t  s e v e r a l  yea r s .  F i n a l l y ,  a b r i e f  d i scuss ion  of t h e  appl i -  
ca t ion  of t h e  MSC c r i t e r i a  and requirements t o  nonaerospace areas i s  
given e 
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THE DEVELOPMENT OF MATERIALS SCREENING TESTS 
FOR OXYGEN-ENRICHED ENVIRONMENTS 
By R .  L. Johnston and D. L. Pippen 
NASA Manned Spacecraf t  Center 
ABSTRACT 
The development of m a t e r i a l s  f lammabili ty screening t e s t s  f o r  t h e  
Apollo Program w a s  b u i l t  upon e a r l i e r  t e s t  work performed on t h e  Mercury 
and t h e  Gemini programs. 
t h e  i n i t i a l  screening t e s t  program which l e d  t o  t h e  development of a set 
of p r a c t i c a l  s tandard t e s t s .  These t e s t s  y i e l d  s u f f i c i e n t l y  reproducible  
r e s u l t s  t o  provide a s t rong foundation f o r  t h e  s e l e c t i o n  of ma te r i a l s  t o  
be used i n  t h e  design of manned spacecraf t .  The screening t e s t s  t h a t  
were devised for t h e  Apollo Program a r e  descr ibed and evaluated,  and t h e  
cur ren t  t e s t  program i s  discussed.  Comments a r e  made r e l a t i v e  t o  use  of 
t h e s e  m a t e r i a l s  screening t e s t  techniques f o r  nonspacecraft  app l i ca t ions .  
This  background of experience w a s  used t o  de f ine  
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COMPONENT FLAMMABILITY TESTING 
By Gary R. Primeaux 
NASA Manned Spacecraf t  Center 
ABSTMCT 
This r epor t  descr ibes  t h e  t e s t i n g  techniques used i n  determining 
t h e  combustion c h a r a c t e r i s t i c s  of nonmetall ic mater ia l s  i n  t h e  component 
configurat ions used i n  the  Apollo spacec ra f t .  T e s t  a r t i c l e s  were e i t h e r  
i d e n t i c a l  t o  those  used i n  t h e  spacecraf t  or r e a l i s t i c  component simula- 
t i o n s .  Tests  were s e t  up t o  represent  accura te ly  a l l  of t h e  worst-case 
condi t ions which a component would encounter during a c t u a l  use.  
t e s t s  covered f i v e  ca tegor ies  : 
s o r i e s ,  (2 )  E l e c t r i c a l  Component Pot t ings  and Coatings,  (3)  Nonmetallic 
Components i n  Vented Containers,  (4) Nonmetallic Components i n  Sealed 
Containers and ( 5 )  E l e c t r i c a l  Assemblies Subsystems and Systems. The 
t e s t  program provided flammabili ty data  quickly for t h e  ana lys i s  of a 
l a rge  number of nonmetall ic mater ia l s  app l i ca t ions .  With these  da ta ,  t h e  
success of t h e  f i n a l  design flammabili ty v e r i f i c a t i o n  of t he  Apollo 
spacec ra f t  w a s  s i g n i f i c a n t l y  enhanced. 
These 
(1) E l e c t r i c a l  Wire Insu la t ion  and Acces- 
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FULL-SCALE SPACECRAFT 
MOCKUP FLAMMABILITY TESTS 
By R.  W. Bricker ,  J. P. Crabb, and I. K. Spiker 
NASA Manned Spacecraf t  Center 
ABSTRACT 
After  extensive ma te r i a l s  and component-level t e s t s ,  a s e r i e s  of 
f u l l - s c a l e  spacecraft-mockup flammabili ty t es t s  provided t h e  f i n a l  ver- 
i f i c a t i o n  t h a t  t h e  Apollo command module and luna r  module were f i r e s a f e .  
Two poss ib l e  spacecraf t  launch atmospheres were evaluated,  and t h e  s a f e r  
of t h e  two atmospheres w a s  def ined.  
module and a luna r  module w a s  used i n  a s e r i e s  of 173 flammabili ty t e s t s .  
Tests  were conducted i n  5.8-psia,  6.2-psia,  and 16.2-psia 100-percent- 
oxygen atmospheres and i n  a 16.2-psia 60-percent-oxygen/40-percent-nitrogen 
atmosphere. The l a t t e r  two s e r i e s  of t e s t s  represented  poss ib l e  launch 
atmospheres. F i r e s  were d e l i b e r a t e l y  s t a r t e d  i n  t h e  mockups at l o c a t i o n s  
se l ec t ed  as r ep resen ta t ive  of p o t e n t i a l  i g n i t i o n  hazards. For each t e s t ,  
da t a  were recorded t o  determine poss ib l e  propagation pa ths  and t o  i d e n t i -  
f y  p o t e n t i a l l y  t o x i c  products which might evolve. It w a s  determined 
t h a t  , with  minor changes i n  ma te r i a l s  or conf igura t ion ,  t h e  command 
module and t h e  luna r  Dodule a r e  f i r e s a f e  i n  t h e  6.2-psia 100-percent- 
oxygen f l i g h t  atmosphere, and t h e  command module i s  f i r e s a f e  i n  t h e  
16.2-psia 60-percent-oxygen/40-percent-nitrogen launch atmosphere. This 
t e s t  s e r i e s  confirmed t h e  importance of t h e  f u l l - s c a l e  mockup t e s t s  and 
demonstrated t h e  value of  s e v e r a l  b a s i c  design approaches, such as (1) t h e  
e l imina t ion  of long propagation pa ths ,  ( 2 )  t h e  use  of nonflammable coat-  
ings  and con ta ine r s ,  and (3) t h e  use  of f i r e  breaks.  
t h a t  were conducted i n  support of t h e  v e r i f i c a t i o n  program a r e  discussed 
i n  t h i s  paper. The a p p l i c a b i l i t y  of full-scale-mockup flammabili ty t e s t  
techniques t o  areas ou t s ide  t h e  space program i s  a l s o  considered. 
An i n t e r i o r  mockup of a command 
Some of t h e  t e s t s  
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SESSION I1 
MATERIALS DEVELOPMENT 
Session Chairman: Edward L. Hays 
NONMETALLIC MATERIALS DEVELOPMENT 
FOR SPACECRAFT APPLICATIONS 
By Frederic  S. Dawn 
NASA Manned Spacecraf t  Center 
ABSTRACT 
The purpose of t h i s  paper i s  t o  present  t h e  spec ia l i zed  requirements 
of manned space f l i g h t  i n  t h e  category of nonmetall ic m a t e r i a l s ,  t o  g ive  
a b r i e f  h i s t o r y  of ma te r i a l s  development wi th in  t h e  space program, t o  
touch on t h e  kinds of materials developed t o  d a t e ,  and t o  descr ibe  a few 
of t h e  new ma te r i a l s  on t h e  horizon. An o v e r a l l  view of t h e  nonmetall ic 
ma te r i a l s  development work which has been conducted by NASA over t h e  l a s t  
seve ra l  years  i s  presented,  and t h e  p rope r t i e s  and c h a r a c t e r i s t i c s  of 
s e l ec t ed  ma te r i a l s  a r e  discussed.  In  a d d i t i o n ,  t h e  paper considers  a 
l a r g e  v a r i e t y  of p o t e n t i a l  app l i ca t ions  of f lame-res i s tan t  ma te r i a l s  
developments f o r  commercial, domestic, and m i l i t a r y  uses .  
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DZVELOPMEN'I' AND APPLICATIONS OF FLUOREL 
By Daniel E. Supkis 
NASA Manned Spacecraf t  Center 
ABSTRACT 
The n3ed f o r  a nonflammable elastomer f o r  use i n  t h e  Apollo space- 
c r a f t  i s  discussed.  A b r i e f  development h i s t o r y  of F luore l ,  a copolymer 
o f  hexafluoropropene and vinylidene f luo r ide ,  i s  presented.  The solu- 
b i l i t y  of F luore l  and the  usefulness  of t h e  F luore l  so lu t ion  f o r  con- 
formable coat ing a r e  discussed, and handling precaut ions a r e  defined. 
Additives t o  and adhension of t h e  F luore l  so lu t ion  a r e  t r e a t e d  b r i e f l y .  
Many Apollo spacecraf t  app l i ca t ions  of F luore l ,  wi.th emphasis on use 
as a conformable coat ing,  a r e  i l l u s t r a t e d .  A more p r a c t i c a l  approach 
t o  fu tu re  aerospace uses i s  examined. The v e r s a t i l i t y  and t h e  superior  
phys ica l  p rope r t i e s  of F luore l ,  when used i n  conjunction w i t h  o the r  
nonflammable ma te r i a l s ,  a r e  discussed r e l a t i v e  t o  p o t e n t i a l  appl ica t ions  
i n  t h e  commercial av ia t ion ,  m i l i t a r y ,  medical, t r a m p o r t a t i o n ,  and 
cons t ruc t ion  f i e l d s .  
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DEVELOPMENT AND APPLICATION OF FLAME-RESISTANT 
POLYMERS AND COMPOSITES 
By Dale G. Sauers 
NASA Manned Spacecraft Center 
ABSTRACT 
This paper discusses the efforts and accomplishments of the aero- 
space industry in the areas of flame-resistant elastomers and structural 
composites. Elastomers discussed include carboxy nitroso rubber, 
fluorosilicones, and recently developed flame-resistant Viton elastomers. 
Flame-resistant Viton gum stocks and sprayable. coatings that are effec- 
tive in protecting flammable substrates in air and pure-oxygen environ- 
ments are discussed. The principle structural composites discussed are 
polyimide and polyquinoxaline matrices with glass-fiber reinforcements. 
Data on other composite materials are provided. Possible industry 
applications for the flame-resistant elastomers and composites are 
discus sed. 
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DEVELOPMENT OF NONFLAMMABLE PCTTING COMPONDS 
FOR SPACECRAFT USAGE 
By Harry F. Kline 
NASA Manned Spacecraft  Center 
ABSTRACT 
This paper p re sen t s  a progress  r epor t  on t h e  development of nonflam- 
mable po t t ing  compounds t o  meet t h e  s t r i n g e n t  requirements f o r  adequate 
d i e l e c t r i c  ma te r i a l s  needed f o r  space app l i ca t ions .  C r i t e r i a  for t h e s e  
ma te r i a l s  a r e  examined i n  some d e t a i l ,  wi th  p a r t i c u l a r  emphasis on flam- 
mab i l i t y  r e s i s t a n c e  and e l e c t r i c a l  p rope r t i e s .  
of s i l i c o n e  room-temperature-vulcanizing m a t e r i a l s ,  f luorocarbons,  and 
brominated po lyes t e r s  as aerospace encapsulating po t t ing  and conformal 
coa t ings  a r e  repor ted .  These r e s u l t s  a r e  r e l a t e d  t o  t h e  flame r e s i s t a n c e  
of numerous formulations and a l s o  t o  t h e  corresponding e l e c t r i c a l  and 
mechanical p rope r t i e s .  Applicat ions i n  aerospace and i n d u s t r i a l  a r eas  
a r e  suggested. 
Resul ts  of t h e  development 
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NEW MATERIALS FOIi MANNED SPACECRAFT, 
AIRCRAFT, AND O T E R  APPLICATIONS 
By Matthew I.  Radnofsky 
NASA Manned Spacecraft  Center 
ABSTRACT 
While t h e  o v e r a l l  ob jec t ives  of f i r e p r o o f i n g  a spacecraf t  cabin and 
an a i r c r a f t  i n t e r i o r  a r e  similar , t h e r e  a r e  some s i g n i f i c a n t  ope ra t iona l  
and design d i f f e r e n c e s  t h a t  mer i t  cons idera t ion  i n  t h e  s e l e c t i o n  of mate- 
r ials.  One of t h e s e  d i f f e rences  i s  t h e  f a c t  t h a t  t h e  spacecraf t  employs 
a c losed  environmental system, whereas t h e  a i r c r a f t  u t i l i z e s  a semiclosed 
system. This makes cons idera t ions  of odor and t o x i c  of fgass ing  much more 
c r i t i c a l  f o r  t h e  spacec ra f t .  I n  add i t ion ,  spacec ra f t  t o  date  have operated 
wi th  a 100-percent oxygen environment , whereas most a i r c r a f t  opera te  with 
an a i r  environment. This f a c t o r  has l imi t ed  t h e  mount  of m a t e r i a l s  which 
a r e  acceptab le  f o r  spacecraf t  usage s ince t h e r e  a r e  few useable  m a t e r i a l s  
t h a t  w i l l  not burn i n  oxygen. On t h e  o ther  hand, t h e r e  a r e  important con- 
s i d e r a t i o n s  f o r  s e l e c t i o n  of ma te r i a l s  f o r  a i r c r a f t  t h a t  a r e  of l e s s e r  
importance t o  t h e  spacec ra f t .  Foremost among t h e s e  a r e  d u r a b i l i t y  and 
a e s t h e t i c  qua l i t y .  I n  t h i s  a r e a ,  func t iona l  u t i l i t y  f o r  t h e  du ra t ion  of 
a s i n g l e  mission i s  b a s i c a l l y  a l l  t h a t  has been requi red  f o r  t h e  space- 
c r a f t .  A i r c r a f t ,  however , r e q u i r e  nonmetallic ma te r i a l s  t h a t  w i l l  with- 
stand t h e  r i g o r s  of r e p e t i t i v e  usage and which a r e  a e s t h e t i c a l l y  p leas ing .  
With t h e  advent of longer space missions,  t h e  d i f f e rences  i n  t h e s e  re -  
quirements f o r  a i r c r a f t  and spacecraf t  become smaller.  Despite t h e  noted 
d i f f e r e n c e s  i n  end-item usage , t h e r e  a r e  obvious and immediate app l i ca t ions  
of spacecraf t  nonmetallic m a t e r i a l s  f o r  a i r c r a f t  i n t e r i o r s ,  f o r  uses  i n  
o the r  t ypes  of v e h i c l e s ,  and f o r  o the r  commercial and domestic u ses ;  t h i s  
i s  p a r t i c u l a r l y  so amongst t h e  more r e c e n t l y  developed f i r e - r e s i s t a n t  ma- 
t e r i a l s .  This paper d iscusses  r e c e n t  f i r e - r e s i s t a n t  nonmetal l ic-mater ia ls  
developments which should have widespread a p p l i c a b i l i t y .  The p resen ta t ion  
i s  accompanied by a d e s c r i p t i v e  f i l m  which v i v i d l y  i l l u s t r a t e s  t h e  excel- 
l e n t  f i r e  r e s i s t a n c e  of t h e s e  new ma te r i a l s .  
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THE PERFORMANCE OF LIGHTWEIGHT PLASTIC 
FOAMS DEVELOPED FOR FIRE SAFETY 
By Richard H. F i sh  
NASA Ames Research Center 
ABSTRACT 
Research on t h e  chemistry of ab la t ion  f o r  p ro tec t ion  of spacec ra f t  
during atmospheric e n t r y  has  l e d  t o  t h e  development of a new class of 
f i r e - r e t a rdan t  materials,  namely, l ightweight  p l a s t i c  foams. The foams 
have been developed p r i n c i p a l l y  t o  p ro tec t  a i r c r a f t  s t r u c t u r e s  and ex- 
t e r n a l l y  mounted f u e l  tanks  from onboard f i res  i n  f l i g h t .  F i re - re ta rdant  
foams have been made from urethane , isocyanurate  , and polybenzimidazole. 
The dens i ty  of t h e  foams ranges from 2 t o  30 l b / c u  f t .  Addition of ran- 
domly placed quar tz  f i b e r s  t o  t h e  urethane and isocyanurate  foams inc reases  
t h e  dens i ty  of t h e  foams and improves t h e  s t a b i l i t y  of t h e  char  formed as 
a r e s u l t  of hea t .  For example, by adding fibers i n  a 10-percent concen- 
t r a t i o n ,  t h e  dens i ty  of t h e  urethane foam i s  t r i p l e d ,  and i t s  f i r e -  
p ro t ec t ion  c a p a b i l i t y  i s  increased  f ive fo ld .  The f i r e -p ro tec t ion  
c a p a b i l i t y  of t h e  isocyanurate  foam system i s  twice t h a t  of t h e  urethane 
foam and i s  four  t i m e s  t h a t  of commercial isocyanurate  f i r e - r e t a r d a n t  
foam. This paper descr ibes  t h e  var ious  f i r e - r e t a r d a n t  materials and 
i l l u s t r a t e s  t h e i r  performance when exposed t o  a f u e l  f i r e .  The per- 
formance of t h e  materials i s  compared wherever poss ib l e  with p re sen t ly  
a v a i l a b l e  commercially developed products .  Although t h e  materials w e r e  
developed pr imar i ly  f o r  a i r c r a f t  u se ,  a d iscuss ion  i s  given of o the r  
poss ib l e  areas of app l i ca t ion .  
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INTUMESCENCE: AD IN SITU APPROACH 
TO THERMAL PROTECTION 
By G. M. Fohlen, J. A. Parker, S. R. Riccitiello, and P. M. Sawko 
NASA Ames Research Center 
ABSTRACT 
The phenomenon of intumescence, the swelling of a substance upon the 
application of heat, has been used for many years in the form of surface 
coatings as a means of protecting fire-sensitive building materials. With 
regard to experience gained at the NASA Ames Research Center in the areas 
of polymer chemistry and ablation technology for thermal protection, 
intumescent systems that may serve to protect a variety of heat-sensitive 
components, such as fuels, explosives , structural materials , and even man, 
have been reexamined. In this paper, the evolution of intumescent coat- 
ings from the older carbohydrate-phosphoric acid systems, through the 
nitroaniline bisulfate salts originally used by NASA, to the newer 
nitroaniline-sulfonic acids, quinonedioxime-acid mixtures, and nitro- 
anilinosulfones, is described. In the case of’the nitroaniline deriva- 
tives, the intumescence is modeled as a thermal self-polymerization of 
the aromatic compounds passing through plastic states , being expanded by 
evolving gaseous products to form finely textured, low-density foams. 
These foams have low thermal conductivity, high emissivity, and good re- 
sistance to ignition. The gases evolved during the polymerization reaction 
and injected into the fire zone further serve as flame quenchers. The 
resulting polymeric foams are polyheterocyclic structures similar to poly- 
quinoxalines or polyphenoxazines. The development of several useful 
coating systems to effect fire protection in a variety of applications is 
discussed. Potential applications ranging from the prevention of weapons 
cookoff to the improvement in the fire safety of building materials are 
illustrated in simulation tests. 
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SESSION I11 
CONFIGURATION CONTROL AND MATERIALS APPLICATIONS 
Session Chairman: Joseph N. Kotanchik 
NONMETALLIC MATERIAL CONFIGURATION CONTROL 
I N  THE APOLLO SPACECRAFT 
By M ,  W. S t e i n t h a l  
NASA Manned Spacecraf t  Center 
ABSTRACT 
A program f o r  con t ro l  of nonmetal l ic  materials used i n  and around 
t h e  Apollo spacec ra f t  w a s  developed t o  minimize flammabili ty and t o x i c i t y  
hazards .  Engineering groups a t  spacecraf t  cont rac tors  f a c i l i t i e s  and a t  
t h e  Manned Spacecraf t  Center were designated t o  supply the  materials 
technology and t o  conduct t e s t s  according t o  JYASA Manned Spacecraf t  
Center requirements.  A coordinated materials e f f o r t  w a s  e s t a b l i s h e d  a t  
t h e  NASA Kennedy Space Center by t h e  assignment of mater ia l s  engineers  
from the  cont rac tors  and from t h e  Manned Spacecraf t  Center t o  monitor 
materials used i n  and around t h e  spacec ra f t  a t  t h a t  s i t e ,  A l l  engineer- 
i n g  documents t h a t  can add nonmetal l ic  materials t o  or change t h e  con- 
f i g u r a t i o n  of t h e  spacec ra f t  crew bay are reviewed and approved by t h e  
con t r ac to r  and Manned Spacecraf t  Center mater ia ls-engineer ing personnel.  
Materials and conf igura t ions  t h a t  do not  meet t h e  c r i t e r i a  and guide l ines  
must be presented  t o  t h e  Manned Spacecraf t  Center configurat ion con t ro l  
board as devia t ions  f o r  d i spos i t i on .  A computer da t a  system, Character is-  
t i c s  of Mater ia l s  ( c a l l e d  COMAT), w a s  developed t o  record  t h e  use of 
nonmetal l ic  materials. The Charac te r i s t i c s  of Mater ia l s  da t a  system i s  
j o i n t l y  used by NASA and t h e  Apollo spacec ra f t  cont rac tors  f o r  t h e  s to rage  
and r e t r i e v a l  of usage, s t a t u s ,  and c h a r a c t e r i s t i c s  da t a  on nonmetal l ic  
materials used, or considered f o r  use ,  on manned spacec ra f t .  The usage 
d a t a  cons i s t  of an accounting of materials i n  terms of where they  a r e  
used (assembly and spacec ra f t  number), t h e  quan t i ty  used (weight and 
su r face  area) , and t h e  func t iona l  app l i ca t ion  (adhesive , pa in t  , e t c .  ) . 
The status da ta  cons i s t  of eva lua t ion  of t h e  ma te r i a l  i n  i t s  app l i ca t ion  
i n  terms of s p e c i f i e d  limits f o r  such elements as combustion ra te ,  f i r e  
p o i n t ,  odor, carbon monoxide, e t  c e t e r a .  The c h a r a c t e r i s t i c s  da ta  c o n s i s t  
o f  s e l e c t e d  elements of f lammabil i ty  and outgassing t e s t  d a t a .  This 
paper  reviews t h e  b a s i c  f ea tu res  of t h i s  management con t ro l  system and 
d iscusses  the  u t i l i t y  and value of t h e  a t t endan t  da t a  s torage  and 
re t r ieval  system. 
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APOLLO SPACECRAFT NONMETALLIC MATERIALS APPLICATIONS 
By Jerry W. Craig 
NASA Manned Spacecraf t  Center 
ABSTRACT 
Severa l  appl ica t ions  of nonmetall ic materials i n  t h e  Apollo space- 
c r a f t  are reviewed. S ign i f i can t  app l i ca t ions  of nonmetall ic materials 
i n  both  t h e  luna r  module and t h e  command module crew compartments are 
emphasized. The materials and design techniques used i n  f a b r i c a t i o n  of 
e l e c t  r i  c a l  w i r e  assemblies are dis cussed. E lec t  ri cal-component pane l  
materials and f i r e s a f e t y  provis ions  are ou t l ined .  Modifications t o  
e lectroluminescent  crew d isp lays  are s p e c i f i e d  t o  achieve s e l f -  
ext inguishing flammabili ty c h a r a c t e r i s t i c s .  Polyimide/fiber-glass 
laminates  used f o r  pane l  covers and conta iners  are reviewed. F i re -  
extinguishment foam i n  a po r t ab le  conta iner  shows exce l l en t  performance. 
The design techniques f o r  crew couches and r e s t r a i n t s  are discussed.  
Super insu la t ion  b lankets  , which cons i s t  of Mylar overwrapped with 
Kapton, a r e  used i n  t h e  s e r v i c e  module and t h e  luna r  module and are non- 
flammable i n  a i r .  
m e t a l l i c  materials developments and advances, t h e  most s i g n i f i c a n t  value 
i s  t h e  information on t h e s e  materials and t e s t  methods t h a t  i s  now ava i l -  
ab le  f o r  app l i ca t ion  i n  many o ther  f i e l d s .  
Although t h e r e  have been many Apollo Program non- 
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APOLLO APPLICATIONS OF BETA FIBER GLASS 
By Jack Naimer 
NASA Manned Spacecraft  Center 
AESTRACT 
Beta f i b e r  i s  a type  of g l a s s  f i b e r  t h a t  i s  charac te r ized  by an 
extremely f i n e  f i b e r  diameter (3 .8  microns).  
f i r e  r e s i s t a n c e  i n  enriched oxygen atmospheres it i s  ex tens ive ly  used i n  
t h e  cabin areas  of t h e  Apollo spacec ra f t .  The f i n e  f i b e r  diameter per- 
m i t s  t h e  f a b r i c a t i o n  of t e x t i l e  m a t e r i a l s  t h a t  have phys ica l  p rope r t i e s  
which a r e  not ob ta inable  i n  conventional g l a s s  f i b e r s .  This paper i s  a 
desc r ip t ion  of t h e  development of a v a r i e t y  of t e x t i l e  ma te r i a l s  from 
Beta f i b e r  t h a t  a r e  designed t o  meet s p e c i f i c  performance requirements 
i n  t h e  Apollo spacec ra f t .  Where f i r e  p ro tec t ion  i s  requi red  f o r  flam- 
mables such as paper t i s s u e s ,  towels ,  and medical k i t  con ten t s ,  Beta 
f a b r i c s  a r e  combined with o the r  f i r e - r e s i s t a n t  ma te r i a l s  t o  form compos- 
i t e  layups tha-t; a r e  f a b r i c a t e d  i n t o  conta iners  which provide p ro tec t ion  
from temperatures as high as 2500° F. 
improve t h e  f i r e  s a f e t y  of commercial a i r c r a f t ,  publ ic  t r a n s p o r t a t i o n  
f a c i l i t i e s ,  and homes a r e  discussed. Research i s  continuing i n  an 
e f f o r t  t o  devise new methods and approaches t o  improve performance 
c h a r a c t e r i s t i c s .  
Because of i t s  e x c e l l e n t  
Also, suggested app l i ca t ions  t o  
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THE APOLLO SPACE SUIT MATERIALS 
By Freder ic  S. Dawn and Ralph L. Jarboe 
NASA Manned Spacecraf t  Center 
ABSTRACT 
The Apollo luna r  sur face  space su i t  i s  composed of s eve ra l  primary 
components such as t h e  pressure  garment assembly , t h e  in t eg ra t ed  thermal 
micrometeoroid garment, t h e  l iquid-cooled garment, t h e  pressure  garment 
boot ,  t h e  lunar  boot ,  t h e  ex t ravehicu lar  boot ,  and t h e  helmet with i t s  
var ious p ro tec t ive  v i so r s .  Each of t hese  components i s  b a s i c a l l y  a 
composite of a v a r i e t y  of nonmetall ic ma te r i a l s  (and some l imi t ed  metal  
p a r t s )  each of which has s p e c i f i c  functiona1.requirements. 
descr ibes  t h e  var ious components of t h e  space s u i t  and considers t h e  
func t iona l  requirements f o r  t h e  var ious ma te r i a l s  u t i l i z e d ,  with 
s p e c i a l  emphasis on t h e  f i r e - r e s i s t a n c e  p rope r t i e s  of t hese  materials. 
This paper 
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FIRE-SAFETY DESIGN OF A MOBILE QUARANTINE FACILITY 
By Roderick S. Bass and John K.  Hirasaki 
NASA Manned Spacecraf t  Center 
ABSTRACT 
This paper d iscusses  t h e  approach taken by NASA i n  t h e  design and 
cons t ruc t ion  of a Mobile Quarantine F a c i l i t y  t o  make it f i r e s a f e  f o r  
manned ope ra t iona l  purposes. In  order  t h a t  t h i s  f a c i l i t y  be cons t ruc ted  
with t h e  g r e a t e s t  poss ib l e  economy, it w a s  decided t o  accept  c e r t a i n  
s tandard  items of hardware used i n  t h e  cons t ruc t ion  of  commercial t ravel  
t ra i le rs  and then t o  provide f o r  subsequent f i r ep roof ing  of t h e s e  i t e m s .  
A base- l ine  c r i t e r i o n  was es t ab l i shed  t h a t  a l l  f i r ep roof ing  should meet 
or exceed t h e  s tandards of commercial av ia t ion  p r a c t i c e s  as requi red  by 
t h e  Federal  Aviation Administration. To meet t h i s  c r i t e r i o n ,  an evalua- 
t i o n  program w a s  i n i t i a t e d  t o  i n v e s t i g a t e  available f i r ep roof ing  m a t e -  
r ials t h a t  could be appl ied  t o  flammable s u b s t r a t e s  such as wooden 
panels .  A s  a result of t h i s  eva lua t ion  program, F luo re l  w a s  s e l e c t e d  
because of i t s  f i r e - r e t a r d a n t  p rope r t i e s  and because it could be  appl ied  
t o  t h e  flammable s u b s t r a t e s  by spray-appl icat ion techniques.  This 
F luo re l  coa t ing  w a s  app l i ed  t o  a l l  wood, vinyl-coated wood, and f i b e r g l a s s -  
r e in fo rced  p l a s t i c  sur faces  i n  t h e  Mobile Quarant ine F a c i l i t y .  Commer- 
c i a l l y  ava i l ab le  f i r e - r e t a r d a n t  ma te r i a l s  were chosen f o r  such i t e m s  as 
c u r t a i n s ,  mat t resses ,  uphols tery,  plumbing, and l ava to ry  f i x t u r e s .  i n  
add i t ion  t o  these  measures, t h e  Mobile Quarant ine F a c i l i t y  e l e c t r i c a l  
system, a u x i l i a r y  power u n i t ,  and f i r e -de tec t ion  system incorporated 
design f ea tu res  t o  a s su re  f i r e  s a f e t y .  
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PROTECTIW CLOTHING UTILIZED AT T I B  
YLNNEDY SPACE CENTER 
By J o e l  R .  Reynolds 
NASA Kennedy Space Center 
ABSTRACT 
The s u i t  and s u i t  material requirements f o r  t h e  Kennedy Space Center 
spacec ra f t  close-out crew and as t ronaut  rescue team a r e  descr ibed i n  
r e l a t i o n  t o  t h e  r e s p o n s i b i l i t i e s  and funct ions of t hese  teams. Severa l  
years  ago, t he  spacecraf t  close-out crew searched f o r  a s a t i s f a c t o r y  
garment ma te r i a l  and s e l e c t e d  Nomex, a member of t h e  nylon family.  The 
p rope r t i e s  of Nomex and t h e  r e s u l t s  of t e s t s  are descr ibed which i n d i c a t e  
t h a t  Noiaex garments can withstand very s h o r t  exposure t o  h igh- in tens i ty  
h e a t  and have hea t - insu la t ing  p rope r t i e s  which can p ro tec t  t h e  crews . 
It i s  noted t h a t  b e t t e r  performing f lame-res i s tan t  materials a r e  now 
ava i l ab le  f o r  use i n  l ightweight  f i r e -p ro tec t ion  garments. 
18-1 
18-2 
FIRE EXTINGUISHMENT IN HYPOBARIC 
AND HYPERBARIC ENVIORNMENTS 
By J .  H .  Kimzey 
NASA Manned Spacecraf t  Center 
ABSTRACT 
Atmospheres of spacecraf t  and support equipment and Groblems o f  acci-  
den ta l  f i r e  i n  these  atmospheres are discussed.  A -Lest program t o  determine 
t h e  e f f ec t iveness  of s e v e r a l  f i r e  ex t inguishants  i s  reviewed. Open-cell 
foamed polyurethane i s  employed as the  f u e l  i n  t h i s  program. Severa l  
ex t inguishants  widely used f o r  f i r e s  i n  a i r  were i n e f f e c t i v e  or even d e t r i -  
mental i n  the  oxygen-enriched t e s t  atmospheres, because they increased  t h e  
burning r a t e s .  Gases such as Halon 1301, carbon dioxide,  n i t rogen ,  helium, 
and argon a r e  included i n  t h i s  category. Water o r  water-based foams a r e  
shown t o  be e f f e c t i v e .  Data on t h e  performance of water as a f i r e  ex t in -  
guishant i n  pure-oxygen atmospheres at 1 4 . 7  p s i a  o r  l e s s  (hypobaric)  and 
i n  a i r  a t  pressures  as grea t  as 105 g s i a  (hyperbar ic )  a r e  presented and 
d i  s cus sed . 
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SESSIOK IV 
SPECIAL TESTS 
Sess ion  Chairman: E .  Kurt S t r a s s  
T4Ai"!Ai'NJED SPACECRAFT ELECTRICAL FIRE SAFETY 
By Anthony W.  Nardel l  
NASA Manned Spacecraf t  Center 
PBSTRACT 
O f  t h e  poss ib le  i g n i t i o n  sources of f i r e s  i n  oxygen enrlched atmos- 
pheres e l e c t r i c a l  i g n i t i o n  sources a r e  t h e  most probable.  Qf these  elec-  
t r i c a l  sources ,  e l e c t r i c a l  wire/cable  i s  t h e  most l i k e l y .  The NASA 
approach t o  minimizing e l e c t r i c a l  wire/cable  i g n i t i o n  hazards i s  discussed.  
The shortcomings of t y p i c a l  commercial wire/cable  flammabili ty t e s t  pro- 
cedures are ou t l ined .  A new wire lcable  e l e c t r i c a l  cur ren t  overload 
flammabili ty t e s t  i s  descr ibed ,  toge ther  with r e s u l t s  t o  da te .  Many 
commonljr used i n s u l a t i n g  and e l e c t r i c a l  system accessory materials are 
not f i r e s a f e  f o r  use i n  spacecraf t  oxygen enriched atmospheres. Accord- 
i ng ly ,  a l i s t  i s  given of materials t h a t  pass o r  f a i l  t h e  newly developed 
t e s t .  The e f f e c t  of t h e  wire/cable  flammabili ty t e s t  r e s u l t s  on space- 
era€% conf igura t ions  and t h e  r e s u l t a n t  design and procedural  s tandards a r e  
discussed.  
c a l  f i r e  s a f e t y  i n  commercial, r e s i d e n t i a l ,  and airframe appl ica t ions  a r e  
enumerated. 
"Spin-off" p o t e n t i a l  app l i ca t ions  t o  t h e  enhancement of e l e c t r i -  
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SPECIAL FLAMMABILITY TEST TECHNIQUES 
By Dale G .  Sauers 
NASA Manned Spacecraf t  Center 
ABSTRACT 
This paper d iscusses  four  new nonstandard t e s t  methods t h a t  have 
been developed t o  provide preliminary engineering d a t a  and t o  permit 
e a r l y  p red ic t ion  of end-item performance p r i o r  t c  full-scale-mockup 
f l m a b i l i t y  t e s t s .  The t e s t  methods d iscussed ,  a l l  of which a r e  
operable  i n  oxygen-enriched environments, are as fol lows:  (1) flame 
impingement t e s t i n g ,  which s imulates  a constant  flame source and provides 
da t a  on r e l a t i v e  flammabili ty and thermal performance; ( 2 )  sho r t - c i r cu i t  
i g n i t i o n  t e s t i n g ,  which eva lua tes  t h e  m a t e r i a l  i n  proximity t o  simu- 
l a t e d  e l e c t r i c a l  a rc ing;  (3)  polycarbonate-drip i g n i t i o n  t e s t i n g ,  which 
eva lua tes  t h e  performance of materials exposed t o  f a l l i n g  flaming embers ; 
and (4) f lash-poin t / f i re -poin t  t e s t i n g ,  which eva lua tes  t h e  performance 
of overheated ma te r i a l s  i n  t h e  presence of an e l e c t r i c a l  spark.  
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SPECIALIZED TESTING AND EVALUATION 
OF SPACE-SUIT MATERIALS 
By Thomas J .  Ba l l en t ine  
NASA Manned Spacecraf t  Center 
ABSTRACT 
This paper descr ibes  t h e  t e s t  program t o  assure  t h a t  space-sui t  mate- 
r ia ls  w i l l  perform adequately under space and lunar-environment condi t ions .  
The app l i ca t ion  of s p e c i a l i z e d  t e s t  apparatus , along wi th  s tandard  t e s t  
equipment, was necessary.  Included i n  t h i s  paper are discussions of t h e  
methods used i n  determining ma te r i a l  t e n s i l e  p r o p e r t i e s ,  abras ion  and 
wear r e s i s t a n c e ,  and f l e x i b i l i t y  c h a r a c t e r i s t i c s  of t h e  Apollo space s u i t .  
Test  equipment - such as t h e  helmet impact t e s t e r ,  t h e  f inger - f lex ing  
t e s t e r ,  t h e  elbow/wrist-flexing t e s t e r ,  and t h e  boot/ankle-flexing t e s t e r  - 
used f o r  t h e  eva lua t ion  of space-sui t  components a r e  discussed.  F i n a l l y ,  
t h e  combined environment s imula tor  t h a t  i s  designed t o  s imula te  t h e  com- 
bined environmental c h a r a c t e r i s t i c s  o f  space and t h e  luna r  su r face  i s  
descr ibed.  Mater ia l s  t e s t e d  i n  t h i s  s imula tor  are enumerated. 
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DEVELOPMENT OF AN OXYGEN 
IMPACT TESTING PZTHOD 
By Herschel H.  J m i s o n  
NASA Manned Spacecraft  Center 
ABSTRACT 
It i s  w e l l  e s t ab l i shed  t h a t  many materials which a r e  s a t i s f a c t o r y  
f o r  u se  i n  a i r  w i l l  i g n i t e  and burn i n  pure oxygen when subjected t o  
mechanical impact. Because of t h i s  f a c t  , var ious  t e s t i n g  and screening 
methods have been proposed t o  eva lua te  t h e  s t a b i l i t y  of materials t o  be 
used i n  oxygen systems. The most common method used i s  t h e  Army Ballis- 
t i c s  Missile Agency liquid-oxygen impact t e s t ,  i n  which samples a r e  i m -  
mersed i n  l i q u i d  oxygen and then impacted by a f a l l i n g  plwilmet. This 
system has i t s  l i m i t a t i o n s ,  however, f o r  t e s t i n g  materials t o  be used i n  
p ressur ized  gas (as opposed t o  l i q u i d  oxygen). Because of  t h e s e  l imita- 
t i o n s ,  t h e  need ex i s t ed  f o r  a n  impact t e s t  method based on t h e  t e s t i n g  
of  ma te r i a l s  i n  gaseous oxygen. Since no s a t i s f a c t o r y  method w a s  ava i l -  
a b l e ,  a program w a s  i n i t i a t e d  t o  develop a s u i t a b l e  t e s t  method. A 
system w a s  conceived, equipment w a s  designed and b u i l t ,  and procedures 
were developed f o r  t e s t i n g  mater ia l s  a t  temperatures up t o  450" F and 
pressures  up t o  7500 p s i  i n  oxygen. Although the  method i s  s t i l l  i n  the  
eva lua t ion  and development s t age  , s u f f i c i e n t  d a t a  have been gathered from 
t h e  t e s t i n g  of Apollo spacecraf t  mater ia l s  t o  conclude t h a t  t h e  method 
w i l l  f i l l  an important need. 
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ODOR TEST 
By Leonard A. Schlu te r  and David L. Pippen 
NASA Manned Spacecraft  Center 
ABSTMCT 
Manned space f l i g h t  r equ i r e s  t h e  confinement of  personnel f o r  
extended periods of t i m e  wi th  l i m i t e d  atmosphere p u r i f i c a t i o n  systems 
ava i l ab le .  Gaseous contaminants given o f f  by mater ia l s  such as f a b r i c s ,  
i n s u l a t i o n ,  and adhesives can c r e a t e  nauseat ing and i r r i t a t i n g  odors.  
A material  screening t e s t  w a s  developed i n  which q u a l i f i e d  personnel 
eva lua te  t h e  odor c h a r a c t e r i s t i c s  of candidate  spacecraf t  ma te r i a l .  The 
odor t e s t  da t a  provide design engineers wi th  guidance i n  t h e  s e l e c t i o n  
and use o f  nonmetall ic mater ia l s  i n  t h e  spacec ra f t .  This paper presents  
t h e  method employed a t  NASA i n  eva lua t ing  candidate  mater ia l s  f o r  odor 
c h a r a c t e r i s t i c s .  The s e l e c t i o n  of  odor panel  members and t h e  s a f e t y  
aspec ts  o f  odor t e s t i n g  are discussed.  Scoring methods and r e s u l t s  of  
t y p i c a l  t e s t s  a r e  included.  
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TOXICOLOGY OF SPACECRAFT MATERIALS 
By E l l i o t  S. Harris 
NASA Manned Spacecraf t  Center 
ABSTRACT 
It i s  e s s e n t i a l  t h a t  materials s e l e c t e d  f o r  use i n  spacecraf t  do not 
con t r ibu te  noxious components t o  t h e  atmosphere, which would endanger t h e  
performance o r  l ives  of t h e  crew. It i s  equal ly  important t h a t  i n  t h e  
event of  acc iden ta l  overheating o r  i g n i t i o n ,  t h e  ma te r i a l s  s e l e c t e d  have 
t h e  lowest p o t e n t i a l  t o x i c i t y  of thermal degradation products .  To ensure 
t h a t  t h e  materials were not  t o x i c ,  those s e l e c t e d  f o r  use i n  t h e  space- 
c r a f t  were offgassed a t  150' t 5O F ,  and t h e  effluvium w a s  passed over 
growing rats and mice i n  a closed system f o r  7 days. Growth changes 
and h i s t o l o g i c a l  eva lua t ion  were used as c r i t e r i a  f o r  t o x i c i t y .  Over 
300 materials were evaluated i n  groups of 10 o r  more, and a l l  were found 
t o  b e  acceptable .  Spec ia l  s tud ie s  were performed on Scheufelen nonflam- 
mable paper and on a coated Beta-cloth j acke t  t o  eva lua te  p o t e n t i a l  s k i n  
and mucosal i r r i t a t i o n .  The nonflammable paper ,  although a p o t e n t i a l  
mucosal i r r i t a n t ,  t e s t e d  s a t i s f a c t o r i l y ;  t h e  coated j acke t  w a s  i r r i t a t i n g  
and, t h e r e f o r e ,  w a s  not used. 
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